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:54) LASER BEAM MACHINING DEVICE AND LASER BEAM MACHINING METHOD 

'57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam machining device 

which can efficiently form a plurality of lines of a reformed region inside ! 



a workpiece to one scheduled cutting line. ^- J ^ J - L - i 
SOLUTION: A laser beam L1 and a laser beam L2, which mutually have j .-_;L-j:. 

different widening angles, are condensed to the inside of the workpiece 1 j.Sp ! 

by a condensing lens 31 in the laser beam machining device. At this j 4x; , 

time, since the laser beam L2 has the larger widening angle compared ■■ < 

with the laser beam L1, the condensing point P1 of the laser beam L1 is ^v-h:::;^:!;-^^ 
aligned to a shallow position from the surface 3 of the workpiece 1 and ' 
the condensing point P2 of the laser beam L2 is aligned to a deep . 
position from the surface 3. The condensing point P1 and the • 
condensing point P2 are moved along the scheduled cutting line 5 of the .- 
workpiece 1 by the driving of a stage on which the workpiece 1 is laid. , ; 'V 1»K 

Accordingly, two lines of the reformed region 7a, 7b can be formed by , . ; .^/X/" 1 ? 

one scan along the scheduled cutting line 5. * >>J * ,.. P - 
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& ^ 3 c i: # & < , ^»^^gi5^^^Lfc^{uic«js-ri»gp»^*-^ mm -r « c £ # t- £ 
fck«<fc3«iRifcfc-5<&-c, c © «t 3 4 a it © jd ^ m m # a a a % * a& t* £ -5 „ 

[ 0 0 2 6 ] 

( 3 ) & £ „ 
[ 0 0 2 7 ] 

( 1 ) &mm®tt 1 ox fi«s<o*7>y**-&tr»7 

JDIJt^i ( 0>l A If # 5 X ^ L i Ta0 3 i»6a5E«»fi) ©rtSPfc*3tj&*-&fe-&T 

, * ft & ic is if 3 m n 3S m. # 1 x 1 0 8 ( w / c m 2 ) s u t 30 

©*fl=-pu-if)t*B8»-r*. co/^uio**?!*, ^Tt^e&Mxcs-eoofipx 

£ ftlc «fc ?K taX#feto©rt«tett£rt : ?KiKfc.J:*Jfc3*W»«fci,'> 
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» ( N A ) # 0 . 5 5©S^T-i5„ If-^^-Sfitfl 0 1 1 ( W / c m 2 ) g * 
6lHlX»ft1*OF'3fflJtC^7'y^X*yh«<a^b, If — */*»7— V 20 

[ 0 0 3 2 ] 

©^ArXiCo^T@8~0 1 l^ffll/^TUiB^-r^c 0 8 ^ f i 5 > £ ft ? © 1R # 
£ C 3 * f$ T~ iP I *f Si 4% 1 <& ft ffi fc jfc ft £ P * ^ to * T - Ifft L * in I *# * ft 1 tc BS S* 
LT«fRf S7^>tia7Trta(C^ 7 •)> i'f ^9%f St5„ *7 ^Il|9 li 1 OX 

a a » © * ^ -y * * $ tr ® « -i? a& s . co^7 7 7««9T'tot«if sgp^igi^n 

£ „ H9fc^rJ:3fc^7-y*ffi«9*iejSi:LT ( T & to is , gjWMSBfcfij&fcLT 
) J7-^iti'?5KSIL, 0 l 0 t^ti 5 7 ^tflmiJtfti l ©813 tlE 

i 7 fc ai a l , Hi ifc^-r±3teiniJ*«Witf#Jft*cfctej:»>irai»*toi*<«w 30 

[ 0 0 3 3 ] 

(2) &n®mtfi®wi<iiimffiM<DM-£ 

ftp I *f * ft (MitfS/'j3yoj:9 43|t«ftttfl) ©.(*3gPU:*ft^i*-&to-&Ts * ft fc 
*J £ « j? & * 1 x l 0 8 ( W / c m 2 ) tt±TfloA;VXfitf 1 ^ s«TO*ttTU 

— -ifft*iawr*o cnt«fc DtaittfeftortStt^ft^eaiRKioTjiffiwicira&sn 

* T * »> , ffi X ft L Hf « IS H « 3g # g ft L H IS t f 3 C t, T* * 5 . £ , ft Hi ffl 40 
9 « fc tt * tS A 4ft S£ , IPAKIi, £ *S A « 3g is X , & S « ifi *< BU © « ifi £ £ ft L 

it mm t ^3 c ^ t t- * s . oso, #tss«jt^e>^aK«isicKftbfc«B« 
, ¥t£a«t&*p e> ^ *s a nt it « f t Ltcmn. mmammti* s #i(K*iifiRtf 

*:#Cy«§ig&cg{tL?-c®i£;£«iScT£o iniI»ftft#$/y3>#ISa»ii©*^ » Mfe & 
aflKttffil^tf^ftKS/ynvaiJSTf**. «l?5i!g©±|5i{I2:LT«. 09 x if 1 x i o 
1 2 (W/cm 2 ) 7? £ & o /^MfKiMxlf 1 n s~ 2 0 0 n stf!fSL^„ 
[ 0 0 3 4 ] 

[ 0 0 3 5 ] 50 
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(A) ira 1 3t to : U 3 > £ x (S? 3 5 0 ^, JH4^>f) 

(B) U-if 
^I:#iftl/-flgNd : YAGU-f 
Sfi : 1 0 6 4 n m 

U-f TtX-f-y hiffi« : 3 . 1 4 x l 0 " 8 c m 2 

» 9 if L Jl }£ Sfc : 100kHz 
^;1/Xi : 3 0ns 

: 2 0 /I J //^VT. 

U-f^p Q pI : T EM 0 o 10 
<Ift#tt : BSffitt 

( c ) mxm i/>x 

fern : 5 o fif 

N . A . : 0 . 5 5 

(D) iOl^ti^iI$tl5«i#©^ftSS :' 1 0 0 m m / # 
[ 0 0 3 6 ] 

B 1 2 It , ± 12 & ft T? © U - tf So I fc «fc 0 SI Br 2 tl It is U 3 V »> x >\ <D — 35 is # S «r 9 
So & *5 > ±E*#fcJ:!?}g«*nfe»ltt«!.a«iai 3<DfS£*|p]CD*^£te 1 0 0 /i m 20 
[ 0 0 3 7 ] 

»M»a««i3*«^3fc ; fiRiRfc:«ti5^js*nfccfc*Biwrso ana, u - -*r # © 

ylfiOlJti^Ojim, 100/im, 200/im, 500/im. 1 0 O 0 /im«S« 
IC O tA T ± IB H ^ £ ^ L fc o 
[ 0 0 3 8 ] 

08 If , Nd : YAGU- fOilt'^S 1 0 6 4 nmtfe^T, ->'J 3>II©f Stf 

5 o o (imttToi^« ^yn^gffiortep-rtt^ — ifft#8o%j^±&jS-r5<ifcat# 30 

*"> S „ Bl 2tSti"j3yi>iAl 1 Of^li 3 5 0 /imf$50T\ £ ft ^ IR t «t 
3 % H & 9 ffi % 1 3 t± y 3 > x >\ © if £» fl- ifi x OfDaifrS 1 7 5 (imOg?»!Cig 
fig £ n 3 „ c©)|^iolil$ii, I^zoo/imCie/'jny^iA^t^iiit^j:, 9 0 
%WJt4-OT?, U-if3tA'->ij3i">i/M 1 OflSTRiSSnsCttlfrTSD, lit 
A, £ tfigJ&T 3 o ilcOcltti, ~> y 3 >"> x ;n 1 1 OrtaST'U-f ^^tlRJtlT, jggfc 

6 9 fti % 1 3*'->U3>^iAl l (O F"3 gp fC fig (Ot 0 U-1f)tt ±5ISOlD^t')g 
■tfflatHWA^JBfig) ?tiftt(D"PttS< < SlBfe&lI&ig 1 3 tf£ft?fltiRtc <fc t) eg £ n 

fci:t^i«t5 0 ^ft? Mtc «fc z&M&mm&vmf&i*. 

mmmwm & 6 m c 2 0 0 0 ^ 4 ^ ) o$72i~s73io n^^w^jixu-^rizk 

SS"j3>oini«Ftt»fflijfe:i5iE«nTV''S. 40 

[ 0 0 3 9 ] 

y 3 > * x /n ^iiiiiiftoTji^snsaKftai^e^t Ltfi 
7!rfp]tc[RiA^oTfijn^%^?-a-, ^ © w n # ^ y 3 > x ^ © s ® t » as t iu s -r ?> c 

i: fc: «fc "9 , SIWt^OKSn^o y 3 > ^ x ^ © S S t s M t fij S ^ 3 c © «! *Ui i £S 

<o^tjgfig?n, ant©«iKit«> 11 2©±9^rtgpti7)^jgiisaa^i^7b^fig$ 50 
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[ 0 0 4 0 ] 

(3) 5fe*flUS#E8r*g{b 
in X *f ft ft («itfS7X) <DF»3»fc:mftjS*'&*>-&T\ * ft £ fc 33 S * J? 31 & 1 x 

1 0 8 ( W / c m 2 ) «±Tlo;UXgS<l n s W TO * ft T' U - If ft £ M f & » 
;I/7.(|B£S#>T5§<LT, £ft?!RJK*taI#*«J©rtaPfcjeci£-&*i:, £ ft ? « iR 
«}: S x * ;l/ ^ - & x * ;l/ 4 s - fc IE <b f te , io X fcf ft ft rt K tt -f * > AS ft £ ft: , 

3S a <D ± PI fl t L T ti , m Z. If 1 x l 0 1 2 ( W / c m 2 ) T? & „ ;l/ X $1 {± 0>J * If 1 10 

J« « , W * tf » ^4 2|s]^--»f^iPlW^^|^5:* (1 9 9 7 *. 1 1 /I ) OSl 0 5 

H~Jgi 1 11c 1 a h »u-if-fiB»te J: * «r-5 x waJ^oftSiewifijgBKj ice 

[ 0 0 4 1 ] 

# , *Hffi^i©P-f llDl81fCO^t > 0 1 4 ~ H 1 6%*lLTRlBti. 
[ 0 0 4 2 ] 

11 4£^tiH, U-lfinx««2 0ti, ->iA«©jjpijitti 1 ©rtSPt 1 

if^7^y5f:SLT2*©3llS«7 a, 7b$r^ft?M£<fc»3®Jjg-f3eBT-;iD 

5 „ t CI*, iDlf 1 tt->'J ny)iMf o^ift^iAt-fe^ afc«3!«7a, 7 20 

[ 0 0 4 3 ] 

d©b--fiDX^S2 0ii, ici»f ft 1 tftl^nsxr-f (tffl¥g) 2 l^SL 
T *5 9 , C <D X x - v> 2 1 « , ±TSlRl*Z«SlRlfcLtX$fi^|p), Y M 7^ l°K Z $4 7a ft 

Nd : Y AGl/-fT'S0, T 7? K ft T /< )\/ X 41 1 p. sHTO^/^l/- If ft T* 25 £ An 
Xffl P - If ft * mi* "f S 0 

[ 0 0 4 4 ] 30 
1*2 SOT^iKttlil/*;!//^ 4A'K!)Ml^nTfe!) 1 C © tfii 1/ twV A 2 4 fc: 
f± , ini»fefti*m!Si-rsfcifr©SSSffl*rftu>yC2 6i:. SnxfllU-lfft**ft-f& 
ftft0!nIffl5tfeb>'X2 7 itfgg?nr^5. &Sil/>X 2 6, 2 7<0)t|li, « 
»l/*;l/^ 2 4 0i(6CJ:oTZ|| ( Ml lift ) K-SS«6tl5. & *5 , imXfflttftUVX 

2 7 t|ftl/$;l/^2 4 t (Dmic It. X ^ *S % m ^ tz T Z =f 3. — 2 2 8 # /r £ £ n 
Tfe 5 > CC7*faX->2 8e±oTiDlffl8ftUVX2 7 0ffifiSlZiSlRl (±T 

Siri) fci«»*n5. 

[ 0 0 4 5 ] 

Bl 5titi7lCs iDll»ftU>X2 7ttRg!JgttOUyX*;l/^2 9%tL, ZL<0 

\s>X*fo? 2 9 It. * «Drt»»C*S^T«»© U > XttMfr&t>-&T & ^T^Pft TO. 8 40 

0J €> * ft U > X 3 1 ^SSLTl/^o fit, ^>X*7l/^29©±(Sa5fct±, jft ft U 

>X3 1 ictti-zbaxmis-ifyecuxMrnt l t a m m n 3 2ii*s?h, u > x * /]✓ ^ 

[ 0 0 4 6 ] 

£ fc , Bl 4titi3t, 1*2 3ntfc^tU- -tf^S2 2©T^tt±, 1/ — +F ft zH 
2 2A'6ta»«nfcinlfflU — IfftOlf — At^X^KAtSt'-AxtX^y^S 4 4: 
, ibDXffl U-"»f ftom7J^PS-r Sttl2jM»ft3** 3 5 t. WA«B3t**3 5 t i ») « 

»stifeinifflu.-ifftoaj**«is-r*ttj*ssft**3 6t, snxffiu-+fft<Dfiift 

SrIJ3ST3{SlftlSllft^?£3 7 , 4DlfflU-1fft©iiaXH:3gBr;&??3«ttS'+y*3 

8 t # ± £ T C CD 111 # T* SH B £ ti T V> S e 50 
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[ 0 0 4 7 ] 

£ 5 > m. M is -V y * 3 8 © T 73 It , MM > * v Z 3 8 il i& L ft bu X ffi b - If ft © a 

o. mi6t^-r«fc-5lc, /n— 7;7 - 3 9£3Sii§Lft;!)QXfflU — if ft «: , =7-4 l'ti 

? tl , f 1 OU-f)tL 1 iLTZl±4TSeiSli!PoT»fff 5. 
[ 0 0 4 8 ] 

-73s ^-75^-3 9tC«tt)»^lRltCS»SnfclinXfflU-1f3tti. l/2Sfifi4 3 
^aSbfctf, Ztt±tttBtS57-4 4CJ:DT^,tES?h5 D l©$7-4 4C 
J: OEMS ftfcimxfBU-iftttt, Z W± fc: SE^ ftft CP u > X 4 5 fciliST 5 c t T* 31 io 
1 CD Is -*f XL 1 KJ±'<j£tf»>ft#i£tf£>ft, Sg 2 © Ix - +f ft L 2 fcbTZilll±*T*te 
Ir] o T it *t T 3 o C©fg2©L'-ifftL2f2, HUVX4 5©T75'&;HiL®-r£{iftt:" — 
A 7 7 'J u ; ^ 4 2£MSiiL, Si © U-if ft L 1 t-Sf&ZftT. Z«l±*T7&fclRl3^ 

?JI2©l/-1fft£&S;iJ0XfflU-ifft©ftgS±fc: l/2iSI|4 3 *Elt 5 il t 31 
1 © U - if ft L 1 fcS2 0'l/-f )fcL 2 fc#*J«SftSIKf«:(4, 5 ^ © iS ft © 75 Ir] 

S If-t? * 6 ft T 3 o 
[ 0 0 4 9 ] 

L ft o T , COU-f iDliB2 0 tfe^T«> I 1 01/-if*L 1 fc, C © SB 1 © U 

— if ft L 1 V"»£2©U-1fftL 2 fctfllDlfflb-f*i:l,TZ«±* 20 

T73fciPi^oTJtffbx ioi§Jtftil/>X2 7©I^b>-X3 l KAIitS. unt J: 0 
„ *3tl/yX3 1 KJ:oT«)t?hft« 1 © U-lfft L 1 ©SiftjS P 1 tS20U-f* 
L 2 © & ft j£ P 2 tPXT^f*^ 1 Olffi3*f.I^tI45i?Tttlt5t £ & 

So M (* W l± * «2©U-1f3tL2ttSl OU-1f)l6L 1 t it T l£ 0 ft *« * * ^ ft 
*6 , ^2©U-f^L 2<Ol)t*P 2(i, SlCU-ifftLlOilftjitiPlfcJt^&ffia 
i!l>6Sv^C2Kffitt5ckli:4«. & ft . *)t 1/>X 3 1 t i * P 1, P2 

T©taXfl3U — ifftLl. L2<Dlf-^57-ftlilxl0 8 (W/cm 2 )J^±i:& 
S = 
[ 0 0 5 0 ] 

£ ft , Dtf-ixyu 7^4 2 i:iPlffi*tftl/>X2 7 top^tcti, AD X fS L- — +F ft L 30 
1, L2©e — Aif^X*«S«»)«#4 6#E«SftTV>S 0 C©«»>aJtt4 6tt, 0 

1 5 £ jfx "T «fc 3 £ N InlfflSBlUyXZ 7 <OA*MD 3 2 ©±S KffilLTff* 2 3Kffi. 

•Jtttt&ftTtetK ADXfflU-— IfftL 1 , L 2^|(otIii?*57^-fl' 4 7^Sb 
T^S. £©7^ — ?--v4 7©llflP&&±* toIfflS»UyX2 7<0A»F»1P3 2<Dg«T 
tCJBl«2ftT43*). 7/<-f t 4 7©4'i«Wa > «!>»#4 6.t«:Rtt5ft;fcWMS*5?4 8 
fcJ:?TA»l«P3 2<0*6* ( "T * to 5 Z tt ) fc:IE6ifc:-Sfc£-££C: i: T # £> o 

[ 0 0 5 1 ] 

C©«fc?fc*ifi££ftfe«>>as»4 6tJ0llJ*ftl/yX2 7£;ttLT;(raXfflU-+fftL 1 

, L 2 # AMT 3 fflj fc E « r £ c T- . ^oi^fFffl-aitfSJnSo -r & , ira 

XfflU-ifftLl, L2tt, 7^-^+4 7.fcD:fct^U-irft©j*JSaB#a<«*)»»4 40 
6tiot*7 Ctltit), 7'< — 3 L *4 7£j§iSLft;bnXfl3l' — if ft L 1 , L 

2 (0^ It. bQUm-ttVal/^ X 2 7 © A # Bfl □ 3 ZOlttTfc45. ^ © ft & . AM1P3 
2©EHW#fc:.J:SiiimBU--»fftL 1 , L 2 © # hft&»£A,£ft< LI, SnXfflU 

- if ft L l , L 2 © & » fc J: S u ^ X * ;b 2' 2 9 © An 3ft * B6 it f £ c i: # T* # £ „ L ft 1$ 
o T . l^--9 r iPXi : Pt43^i,U>X*;U^2 9<Dinl^^r±llHi:Lfc:S0XfflU-ifftL 1 
, L 2 © jfc ft £ P l , P2©fflBas»*/jN«<aiilSci:38«BlSlfc4«. 

[ 0 0 5 2 ] 

U-f JDIS12 1 1 ©U-f3tL 1 <Ol)t^P 1 Rtfl2<OU-f)tL 

2 © * ft ,S P ZOiSStfJoiSftft 1 oai3*>6-Si:S:5J:3t*)ejiiP 1 Rt>*^ft 

P 2©i^^%$iJ»-ri.^^S)J^^|g5 0 % W L T 3 » C©jS£ftJW¥S5 OtO^T 50 
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, Ell 55tfBl 7 ~ H 1 9*<fSUTRWt«. 
[ 0 0 5 3 ] 

U-f )tL 3 a, t?>* — ;l/5 2, If-Ax + X 5 3 £|ll#!a;® Lfttt, = 7—5 

4, /\-755- 5 6fcJ:Di*R»«hT 1 Dtlf-AX/'J 7^42 i:»t)g|!tf 4 6 
t©HCES?nfc^>fi'D'C-y^ = 7-5 7 » ft 3 . C<D;?"^*a>f-y*$7-5 
7fc«t»)SI*SnfcWj£fflU-->fJtL3ti, tnlfflU — If^tLl. L 2^«?nTZ# 
±*T*»C|qI*»-3TJtffb» 8*)»S4 6 07^-f + 4 7 4111/68, 2)0 X *f 3% 

yX2 7<oi*i/yX3 i titJi^stiTiwiJit^iiKSifns. & , in 1 /a u 

-f)tLl, L 2«^'('^D^«^57-5 7?gSt5„ 10 
[ 0 0 5 4 ] 

?lt, buxttmya i <Dmm ( u - -y % m m m ) 3T?si*snfc«i£;§u--»rjte©E»3fc 

L 4S. iflIffl3tlP>X2 7©ft^I/>X3 1 tSA#bTZi±*±Sli:|Rl*»rjTl 
ff L> 8!>»#4 6©7 — + 4 7*«iiSLft8K jf-f* n-f » * 55- 5 7 HE 

« s n s o .1:0^^*0^9*57-5 7ei!) eh stiftajjeiHu — if7fcflDE»ji£L 4 

« , A-757-5 6, 7-f 5 8 *)R^I5at-5 0 L©7^;H58li > & g K Jfc C 

miSftft 1 OSffi3 1 7?fi«^fti0lfflU-1f)tL 1 , L20gS^^I 

Bit5, 7^;!/^ 5 8^1SLftaiSfflU- f 7t©5»)tL 4 (i, S/ 'J > K U * ;!/ U > X 

flUyXh*^%5«*¥^5 9 ^ =t Di^^nt, 37 * h£"f*-K£4*#L 20 
T4 5 4»itilltlilf 6 litfJJtlS. 
[ 0 0 5 5 ] 

C * S 4 ^-tUfillltttHIR? 6 1 ± (C Ife ft £ n ft $J £ ffl U - -»f ft C> E ft L 4 

©lllftfc taXmtimiy> X 2 7 <DMKU > X 3 lfi:J:«W^fflU-if«L3 

[ 0 0 5 6 ] 

H 1 7tSf iSIl/-f«L 3 0I«jSP 3A'iBlSl!li 1 ®«]B3±K:ffi« 

tSi^tli, jfiiJSffl U-Hf ft<DE#>f ft L 4 ht . $JSffl U-1f ft L 3"£ M©#lSfr*i!Jio 30 
TiflII»ftUVX2 7 Ot)tUyX3 1 £ affi ?t L , SJfc*te¥3R5 9*S»LT4#ffl{£[ 

[ 0 0 5 7 ] 

i: ft , Bl 8KStJ:?lc, ISffll/-f 3tL 3©««^P 3A'iDlWtil <0Si3iD 
ft (tftb%> tolttSi^iortgB) fcffiH-rsiS^fcti* $iJ5£ffll----*fft©£#-fftL4 
M)tfflU-1f*L 3 i:l4fl4t)lt»La:!!i«6iOIfflS*UyX2 7©I3fcUyX3 1 

[ 0 0 5 8 ] 

S ft , Bl 9tStJ:?lC, !Bf fflb-f)tL 3©l3tjSP 3tfinl^ta I 08I3 0 40 
¥ BiUc & B f £» if £ « , iffJ^fflt---9*ft©EftfftL4t±. HSIb-f TtL 3 
t)*)K?n4*^i0lfflWib>X2 7©I«UyX3 1 3: & *t L , 1®«^S59*I 
i®LT4#iiJ&B&tiii!t?6 1 ±C|IIOiROl)tiA^-y F %®it5. 
[ 0 0 5 9 ] 

«±«J:5t, 4^tijfit«^m«^6 ^fefcttSfflSfflU — "tfft©E«tftL4<0lfcft« 
/<?-yFB, ffltfflU-f « L 3 O^jt^P 3 0fiS£)SCTtfbt 5o ^ <D ft & , 4 
#fiJ&B&m Jft? 6 l4>5K)llJAf9 (*^lRl-eJ*|qI-r *Sftffi*»6<0ffi* fc«7Sri^-p» 

1f ft L 3<Dl)t,fiP 3©{itB^S?i6?)il i: T* # £> „ 
[ 0 0 6 0 ] 50 
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31 — ^ M ® 6 3^1 LT^I>„ {u«^m^»ls]SS6 2 , 4 tfgiJteB&tfcffc? 6 1*5, 
otti^{f^tcSo-v^T. iDX^fefSl 1 ©aM3fcJtfT5PJS«b-if^L 3 <D jft ft JiS P 3 
0{u«^^S-r^o f LT> 7^^-3.x-^«y»«6 3»4, fifiiltiilllli^ 6 2 lc J: 0 
2S*&5ftfcJfc3fcj£P3©ffiBte£-3l^T\ S r<OU-1f*L lClitiSP 1 & Jg 2 © 
— If 3t L 2 <DM?t£,P 2 <omt£ ft tUJiti Ml® 1 OSl3A^-SJ:aSJ:a £U-fiPl 

fft t7^f ix-^ 2 8 * 7 ^ - k ? m w u , taxmn<mu> x 2 i cd&wz z m 

[ 0 0 6 1 ] 

$ ft „ i l 4 t^ti 5 fc, u-tfiPiSS2 oii, 7f-y2 l itSS^nftiPlW io 
*»l*Mr^<,«»ffi^«ft*58£r*ii«ffl#B7 1*«f*23Kfc:j9L. CC 
7 2 2 3 fitSlT^I. 

[ 0 0 6 2 ] 

t4bS, Ifi%^7 1 T? « ■£ 5 ft ft: WS& ffi nj Si ft tt , *77'<^i^457^hAV 

7 7 « * m^ajs b rem , g^ss 4 6 tJoiffl^i4i.u>'X2 7oa«bp3 2 t h k e 

i^^fc^^^D^7^57-7 8tcJ;0 5lt?ti5 o £it£*T./cfiMpJ#tft«, Z 14 
±^T^tC[RiA^oT34fTL, « » U # ;w< 2 4©|ilfilcJ:oTZ»±EiisnftS*l 
5tftl/yX2 6 5:IJilTlial»ftft 1 (Cf,lt?n^o % *5 , iOXJSU-tfftLl, L2 

, M£EU-1fftL3Rtf*©fi#JftL4tt^>r*n^v*57-7 8*»ifir*o 20 
[ 0 0 6 3 ] 

fi/t, ipijttft i <DSi3f5*fjnfcSgfflpni)t©£M*s, mmmftvuisyx 

2 6rtfc«A»LTZ*fl±*±^fc|f3frt>Tii?TL.s ^l'^ci^-y^^^-7 8 t J: ») E 

7-7 7lCiOS5l:S»?nT, 74**79, 1, yU-U:/X8 2* 

)i # il i& L , C C D*^ 7 7 2 tA«t5il tlc45„ 
[ 0 0 6 4 ] 

C©CCD*^^7 2 £ <£ 0 » {#s 2 fc » ft ^ - £ « :£ ft ©J gp 8 3 fc B D ii * ft , C<D 
4#W«IS8 3IUotTVlE-$ 8 4 fc: in I Jfe ft 1 Ogl 3 f ©It^KLW^nS 

o 4 fc . ^ & «j m 8 3 1± , & a a * m ft t z t n tc , x t — ~>" 2 1 © ^ » , m e& \s & 30 

/W^2 4 0irs, t«v't7^ 3 8 01H, CCDij^ 7 7 2 K±5SSIOi, P — If 
X S B 2 0<D±tt©ft{l;*S!l»-r5t>©T?*S o 
[ 0 0 6 5 ] 

& . ±a?Lfcl^-ifiniSB2 otiSU- if ira X 75 ft -fc o^T, Bzo*#!SLT» 

»M5. CC'T*tt. jPljitfftl <?)Sffi3frP.S?D 1 OfilE^l ©U-f)tL 1 Ol 
ftj£PlJ££-*>-»;fcRK S 2 O U-f )t L 2 P 2 tt SI 3 D 2 (>Dl 

20ffiBfcK J C-n j en*B««7a, 7 b^f fi!tt5t©ttSo 
[ 0 0 6 6 ] 

£f, XT-i^2 l±{CiPl3ttai^»lL, iPlWtftl n:*3lt5 3!il«7 a, 7 40 
b © J£ fig & ft B tc & Si ft P 1 , P2tf- St4J:5K^f-^2 1*81**5. C 

®7f-^2 i oiaufiiti, ioittaaBjiows-'eigsT*, »)tu>X3 1 o ra p a <s 

[ 0 0 6 7 ] 

« t , u - if ft in 2 2 *» e. so x m u - if ft % tts at -r * t « k , aas/Bu--»fftS5i*» 

5Wj£fflU--tfftL3*ffllfL, iflft U >X* 3 1 t±y«7t?nft^ 1 Ob-f^L 1. 
12©l/-f^L 2Rtfa05£ffll' — -«fftL 3tf9KTj74>5j;*7 + tyt5i9t 
Xx-^2l^rXf47b"(6] J ^Y$473lp)(cigi!)-r5o £ <D t Z . i«S»J»#a5 0teJ:^T, 
»£J8U-1fft©E#fftL 4 3^ * til * n , S 1 <D - +F ft L 1 © il ft ,6 P 1 Oi?D 1 # 
iDXWft^l Ogl3^6S(c-gt45i7t77f ax-^ 2 8 & 7 4 - K * V t? ftl 50 
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[ 0 0 6 8 ] 

Ifttf oT, i2 OlC^ti^C, iPlSf i 1 Oll3CIintfSoTfe, « ffi 3 7> 
5> $1 £ D 1 OfliSJD 2 © ffi « i: & « «« 7 a, 7 b |-8<!)X + t yt'ISt5 
tfctff ?5. £©<fc5£^$T^^^^>5K»oT^®3©®*inic£ftLfcc&jt®^ 
7 a, 7 b^ttSifll^ttSl 1 ^fO^if Sf'Ty 5C)St)T«8TtSt, *P X *f fi 

o 

[ 0 0 6 9 ] 

+FftL 1 fcl20U-1f)t'L 2 k#m*&ls>X3 1 «fc £ bQJLttMiVo 1 ©F«3fflJfc*3t«n 

g 1 ©U-f l^A^^P 1 ttiDl«SlWl ©affi34>5SSD lOffigt, g! 2 <D 
l/-f7tL 2©l)t*P 2ttil3*f,I?D2 (>D1) OfllC^bt^n^o •?" L 
T , Mft&P lSff*)tjSP 214, Xf--;2 ltfI)EV>X3 ltcWLTXf^fft^lRl^ 
Ytt^l^ItliStlSi: tTiDIiftft 1 ©«ift7^y 5 Ci{)oTgi?t6tl5„ 
L tz o T , U— "*fiigiSt«2 0fcJ:*ltf % ftJW^S^l'VSfcJ&ofc — IhIOX*-V>1» 20 
2*OSlIS7a, 7 b?i5?tSLi:*<f#, 1 *<D«lf £7^ y 5 C»LT 2* 

fc»LTinxj**«( 1 oavil 2*»3!li«7 a, 7 b^^figTsc: i: t- . bnJLftmya 

1 Of?ii#SJt|«7 a, 7 bOSStSLT^t^iafta^fct, HSi K M iiE ^ 1 * 
[ 0 0 7 0 ] 

$ fe s l/-1fini8S2 0 tfev^Tfi, Jjp X ft ft 1 © a ffi 3 © ^ {4 £ m T % fc tb <D ffl 
^ffll/-f)tL 3^ilDIfflU-f )KL 1, L2fcR| — OW« ( T ft t> "6 Z tt ) ± fc: *3 V> T 

*^u>x"3 1 cj: oirai^ti 1 icfaVTmytz ns 0 g?ai?g3 o 30 

± o T , ft ffi 3TK»SftftSISffll/— !f)tOS«)tL 4i'fttli?il < Sl3^f»Ol7K 
£PlRtft)tfiP20g?A^J|Jti5 0 C©j;5ti:, iDlffl l/-f )t L 1, L 2 K J: 
5K»i^7 a, 7 b <DBm k . 89 ^ ffl l-< - if ft L 3 i & SB 3 © ^ fit <D 80 S i: # |q — 
O $fi fi! ± t fT *> n & ft , 00 A IS . in X ft % l * « B L tc x 7- — 'J 2 l # M Ws L 

Tfe> §i)t£P 1 , P 2 OiJtfi^OSS? D 1 , D 2ft^fi|lTLJ 3©%B5ltt« 
ciii'T'ti. LfttfoT, l*©«»r^Sv^V5fC;ttLT2#cD&jtfii§!c7a, 7 b 

* ? n^ftmig.'Dmz d i , d 2fc3f§s&<^f£T£ci:#i5rBgt&3o 

[ 0 0 7 1 ] 

$ . W^«#©inl*t*«» 1 ©F l 3«fc^^ : F!RiRfc:J:«3tHfi|iSE7 a, 7 b^^sltS 
«-&ttiiPXffl>lt%Ilx>X2 7£0»7 , dU>X3 1cD^PtSr^ro. 8 OJ 2:5 1:* 40 

£<-rS£Sg#fe»K ^(DfcHb. 1^1/^X3 1 i: 2jp X ft #i ft 1 fc #1 OmmlSSTiS 
ffi-ractteaSo L©J;)4DilT\ S®3©^ffi;£$JS^3fc&cD^V+>-^:£jilftU 
V X 3 l<0<H!l^rfcMK?-e-*Ci:ttas«*j«±Sii>THJi-Z?*SA<, P-fiDl8l2 0 

J: n If . J t©«fc-3&B8tfc*j£*8fii-rs&gt»3B:V'. 
[ 0 0 7 2 ] 

*f88n±±K3IS6jeaBfc:lE£Sft:&:Vo W * tf » ± IS H fiS ti , *PXffll^--»ffti:LT 

SlOU-if)tL 1 fc^2©U-f)tL 2 J:%iDl«f ft 1 £iltt5i^T'£ofc!!)^ 
S^lciEitUfttfSftaT^ftlf, iJPXfflU-ifftt LT3O«±0l/-f^^*)tby 

X3 net oinijittft i ortgptt^Jttti^o cnt itiif, ^ilff 7^>5 

^fe v ofcl|l]^X^+>T'llPXW*^l^F^aPt3*Jx±©^Mm^^^fi!t-rSili:^T' 50 
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* & o 

[ 0 0 7 3 ] 

S It , ±EH«UKSfiTt±, ioi^iifti <D«llifg7'i'>'5(i:!8-3TiDlffll/-if7tL i 
. L 2 © * ft jft P 1 21 XI ft ft tk P 2*ffl»Wfc»tt?-»SfcJ6K. ft) X *f ft 1 5tiL 

)Eb>X3 lMXiA:SftVYitt7^fttcIg»)£#TfcJ:^ 0 
[ 0 0 7 4 3 

* , ± IE * i& fl2 ® & . i?SJi#S5 OtfiDlWtil ©g!3T©ISffll/- +f ft £> 
£t*ftL4*tfetti?-s*^-ea&tjfc#, *«littcnicR54^. 0» *. tf * ip x *f ft f& l 
©«ffi3T»©»l£ffll'-1fft©£*rftL 4 t«lc, 2)PX*f ftt% 1 <D»ffi ( U - If ft B8 » ® 10 
) 1 7T®fflj£fllU — -»fftL3<DEWft*tfttiJL.Tt>J:l^o CtltiD, iO X » ft fl| 1 

©I^l^^XS 1 it T fc *5 ^ 5 ftp X » ft m 1 0*S*jE»N:*fe5C «« Tf * * 0 L fc # 

ft: t> , ft] X *f ft % 1 Oi?Oil3i*5 1 / 3 (O tiLWVz t> i£ tz K> h^o SioK. 

[ 0 0 7 5 ] 

£ £ C ± IE 51 M SU± , fcllSft* 1 CSffi3*6SJD 1 , D2<Ofi[«fcilDXfflU- 
1f ft L 1 , L20§l7t*Pl, P2*£*>-e3«£T?fc-3fca^&afe#£Pl. P2* 
^fctf*ffiB*#W^£7-r>5fc»oTg{fcS-ti-3£3fcftftMiP 1 ft If ft ft jft P 2 <D 20 
iS«ilP*fToTt>J;^. W *. tf » S«MP1, P 2 * -£ 5 ffi B £ & fc g ft S 

* t> , * ft ft £ P i , p 2*^ta-&*<fc«©8£;&&i*!-rg*.fc») LTti^ 0 

[ 0 0 7 6 ] 
[ 98 SB © & £ ] 

W±BJB^Lfcd:7t*l8B^t^§U--9 J inlS«fta : U--!fi0X^j4t<fcntf, 1 *CD9J 

n e ft « . 

[Hi] ^IIM^^tc^^p-^inx^atci^i^-ifSpx^^tax^tfefecD^ffiHT-fe 

5 o 30 
[02] El 1 tc a? f ft] X tt ft % <D I I - I iatidoftRIBffeS, 

[14] S3 CStilOlSf I V - I Vgtie-o /ciffi@T*fe2>„ 

[05] g 3 tstiaist v - vStciS^ftlrlifS^o 

[06] *llliKJBififc«*U-^ipX^afc«}:t)'9]Br*nfcliPXj*ft»©TffiHT?ftS. 
[07] *HJSJBMlfc«4U-ifinx^ffifc^3tt««»S»ai:^^y^xd«y h <o # £ 

[08] &$zffi&mic& z> is — -*f ira x # ?£ © ^ i igtfcUSiaiSlftolliffes 

40 

[09] ^SSMJBM^fcaU-tfiDXT^&OSEXgfcfettSinXttfcttOWaH-rfcS 

o 

[0 1 0] *^Stifg®tc^^U--9 r liDX^?4O^3I^tCi5tt^ft]X«ft#(©»TBD0T'35 

[0i i] **MfBffifc«su — iftax*ffi©£4Xgtefitt*irax*tft«i©*fffiBTfc 
•5 „ 

[01 2] *ii«i}BS8fc«su--»f3tai*iifcj:t)«»fsnfc->'j3>'>x/NO-aiKfi 

[0 1 3] *^fiSJ£*gfc:^&U-1f;&PX7j?££}3tt3U — IfftO&fifc^'JniVgffiCDrt 
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[01 5] 0 1 4fca*-ru--yrtI««<OS2»J»#a*a*f«««J#BIT&So 

csi 6] 01 4^^-r^-+fioxs«©ioiffli^--f^©7 i £¥^^^-raBS«figia-(?fe 
§. 

[0 1 8] W^fflU-1f«Ojfcy6^3J><liPX»*1*©«iBO5tfcffill-r4»^<0W^rau- 

[0 1 9] MJEJBU — 1ftt©*3teja#Jni»*»©*ffi©#ttK<ft«r*»^©H:effli^ 
-1f«©K»tt©Jlltttt><*-:/*Wl|liTSfc«>a!>|g-e&3o 

[020] 01 4fc3*-ru — •yinis«te£4u — ■Finx<o« : ?*^'rBT&So 
[ «F 9 © IK «B 3 

1 -JllDJii, 3-11 (l/-1f)ti»|) « 5 -«if ^7 > x 7 a, 7b-$S 
ffi« x l 7 - »® ( U-+f «*fffi) , 2 o - u — if irax^H. 21-xf-'; 
S) , 3 1 - I^byX, 5 L 1 -S 1 OU-1f)t, L2-I2CV 

-1f3fc» L 3 -pJ^ffl U-+f7t, L4-»SfflU-^Og««, PI, P 2 - * ft j±U 
z • • Z llil (tttt) o 



[0 1 ] 



[0 2] 
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[0 5] 



[0 6 3 



4 
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